
VXD Test Beam 

C. Marinasa, K. Nakamurab 

 

aUniversity of Bonn 
bKEK 

 
VXD Consortium 

cmarinas@uni-bonn.de 
1 



2 

DESY TB Schedule 2016 
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TB24 and TB24/1 
CW 14 – CW 17 

Installation 
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DESY TB  

cmarinas@uni-bonn.de 

• VXD common test beam in April 2016 (4 weeks) 
 
• Small sector of the final sensors and ASICs* 
 2 PXD + 4 SVD layers 
 
• Complete VXD readout chain: HLT, monitoring, event building, PocketDAQ  
 

• CO2 cooling, slow control, environmental sensors 
 

• Illumination with (up to) 6 GeV e- under solenoid magnetic field (PCMAG) 
 

• Alignment, tracking algorithms, ROI 

 Goal: System integration and 
      Phase 2 Commissioning 



4 

DESY TB  
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 Goal: System integration and 
      Phase 2 Commissioning 

• Operation with beam between Apr-19 and Apr-29 

• Electron energies between 2 GeV and 5 GeV 

• Trigger rate between ~0.5 kHz and ~3 kHz 

• Different solenoid settings (B = 0 T, 0.2 T, 0.4 T,  0.5 T, 1 T) 
 

https://belle2.cc.kek.jp/~twiki/bin/view/Detector/SVD/DesyBeamTest2016 

https://www-h1.desy.de/belle2elog/ 

 



VXD Phase 2 Hardware 
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- Two PXD and four SVD layers 
- +X direction, horizontal plane (highest background sensitivity) 

 

+X 

Test Beam set up to mimic Phase 2 arrangement 
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Test Beam Set Up 
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Base plate (common ground) 

PXD support 

SVD support 

Entry window 



7 

Test Beam Set Up 
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Preassembled PXD* 

Inner Backward 
Outer Backward 
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Test Beam Set Up 
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SVD cartridge 
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Test Beam Set Up 
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SVD cartridge fiber walls 
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Test Beam Set Up 
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Outer envelope 
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Test Beam Set Up 
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e- 

Final rotation into the overall 
PCMAG structure 
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Integration into PCMAG 
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e- 
3+3 telescope arms 
2+2 trigger scintillators 
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PXD on the SCB 
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SVD Cartridge 

cmarinas@uni-bonn.de 



15 

VXD Assembly 
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VXD Assembly 
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Integration into PCMAG 

Beam 
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Integration into PCMAG 
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Beam 
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Alignment. Telescope  

• Correlations between telescope 
arms 

• VXD illuminated under electron 
beam 

• Expected residual distributions 

Correlations Hit maps 

Residuals 
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FTB FADC 

PXD R/O 
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PXD Delays 
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PXD Pedestal Distributions 
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IB OB 
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PXD Hit Maps 
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Threshold = 5 (~ 1200 electrons) 

Outer Backward 

Inner Backward 

5.6 cm2 

7.7 cm2 

Trigger on 4 scintillators 
Collimated beam 
No magnetic field 



PXD Hit Maps (B=1T) 
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Threshold = 5 (~ 1200 electrons) 

Outer Backward 

Inner Backward 

5.6 cm2 

7.7 cm2 Trigger on 2 big scintillators 
No collimation system 
1 T magnetic field 



PXD Hit Maps (B=1T) 

cmarinas@uni-bonn.de 
26 

Threshold = 5 (~ 1200 electrons) 

Outer Backward 

Inner Backward 

5.6 cm2 

7.7 cm2 Trigger on 2 big scintillators 
No collimation system 
1 T magnetic field 



PXD Signals 
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Inner Backward Outer Backward 

SNR ~ 32 for 
perpendicular 
incident MIPs 



PXD Residuals 
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Inner Backward Outer Backward 

15 µm (18 µm) 
for perpendicular 

incident MIPs 



PXD Correlations 
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• Mapping correct 
• Proper timing 



SVD Hit Maps (n-side) 
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L3 L4 

L5 L6 



SVD Hit Maps (p-side) 
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L3 L4 

L5 L6 



SVD Signal-to-Noise (p-side) 
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p-side ~ 14…22 

L3 L4 

L5 L6 

Cluster size 1 
Cluster size 2 
All clusters 



SVD Signal-to-Noise (n-side) 
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n-side ~ 14…38 

L3 L4 

L5 L6 

Cluster size 1 
Cluster size 2 
All clusters 



SVD Inefficiency (u-side) 
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L3 L4 

L5 L6 

• Red: SVD digit level 
• Blue: After clustering 



L3 L4 

L5 L6 

SVD Inefficiency (v-side) 
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• Red: SVD digit level 
• Blue: After clustering 



L2-L3 Correlations 0 T 
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Online Data Reduction 
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Express Reco: PXD DQM 
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L1 L2 



Express Reco: PXD DQM 

cmarinas@uni-bonn.de 
39 



40 

Global Run Control 

cmarinas@uni-bonn.de 



41 

DHP DHH 

ONSEN 

R/O 
PC 
2 

ExpReco 

Event 
display 

IB 

PXD R/O 

EVB2 
 

ExpressReco 
DHP DHH 

DHP DHH 

DHP DHH 

OB 

IF 
DHHC 

BonnDAQ Database 

PXD Start Up 

PXD Run Control 

cmarinas@uni-bonn.de 

OF 

Global Run Control 
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PXD Environmental Monitoring 

PXD SCB 
PXD CO2 return line 

MARCO operated at -27 ºC 
Complete EPICS integration 
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SVD Environmental Monitoring 

MARCO operated at -27 ºC 
NTC readings of SVD CO2 in/out lines: 
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FOS Fiber in L6 

~0°C 
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Dew Point: Sniffer 
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Noise Immunity Studies 

Probably the same noise as in TB Jan 2014. But this time the SVD system was immune 
due to measures taken in the grounding, hybrids, dock box and FADC.  
 
* Systematic noise measurements 
 - Spectrums and time diagrams of single and common mode noise in the SVD power and 
data cables, with PXD off and PXD on 
 - Inductive probes in power cables, inductive probes in hybrid cables, current shunts in 
APV25 power lines 
 
* Localization of the noise source 
 - Sequential switch off all the components one-by-one (PXD, Magnet cooling, 
Scintillators, Telescope, Telescope chiller… 
Noise bursts with 1.6 ms length all 10 ms with a modulation frequency of about 300 kHz 
in specific locations from the poorly filtered switched chiller power supply 
 
Conclusions: 
* PXD does not seem to be the noise source 
* SVD knows much better how to react 
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Main Results 

• 2 PXD + 4 SVD layers fully operational: ‘Final’ Phase 2 hardware 
• VXD: Hitmaps as expected in all 6 layers. SNR OK 
• SVD efficiency found to be >90% (all layers and both sides) 
• PXD residuals according to specs 
• VXD correlations (mapping and timing) 
• Online data reduction 
• 7 kHz ‘artificial’ trigger rate for 1 hour 
• Few hours 2 kHz steady data acquisition 
• Alignment and BASF2 framework 
• Noise immunity studies → No interference observed 
• Run control: Start/Stop fully controlled by EPICS 
• Environmental monitoring mostly integrated into EPICS 
• Operation under realistic environmental conditions (CO2 @ -27 ºC) 

cmarinas@uni-bonn.de 
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Open Issues 

• Different system gain for same settings. Rings. 
• ASICs running at 250 MHz 
• Links unstable. 
• QC/QA power supplies and cables. 
• Pedestal calculation and update. Pedestal distribution. 2b DAC. 
• PXD internal trigger mismatch. 
• Stable and traceable firmware versions. Additional features. 
• DHP or matrix coordinate mapping (DHE-ONSEN). 
• DATCON and SVD trigger mismatch. 
• MARCO instabilities. Fixes for Phase 2. 
• Regular system crashes of different kinds. 
• ROI efficiency and purity. 
• Jig and laser scans. Trigger. 

cmarinas@uni-bonn.de 



49 



50 



51 



52 



53 



54 

* Event mismatches from different sources, reasons partly unclear 
* Workarounds on HLT, unpacker and special modules 
* Happened in significant amount of runs. 
* TODO: Fix firmware, test! 
 
Mapping, coordinate flipping 
* Remapping not existing in DHH firmware -> consequences for ROI on HLT and PXD  Unpacking 
* Hotfix on ONSEN failed. 
* Extend ROIs on HLT -- hampering ROI selection 
* Remapping during unpacking + coordinate flips 
* Remapping triggered other errors in software (PXD Sorter, clusterizer) -> problems in express 
reco, no DQM 
* TODO: fix DHH firmware, remove patches from HLT and Unpacker as necessary 

 
"Empty" first Ladder 
* ordering of DHE data/DHE-ID was inverted (increasing order expected as for ROIs) 
* Swapped cables 
* In unpacker not checked -> fixed meanwhile 
* TODO: first time two DHE were read out to ONSEN 
 
Other things: 
* Minor issues with data format from DHH (not as defined in specs) -> Trigger Errors and 
Warning in PXD Unpacker 
* TODO: fix firmware, change Warning back to Errors in software 
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 Things that worked. 
    In TB14, abrasive wear of gears caused clogging of micro filters. The new pump 
(upgraded in January) worked fine and solved this problem.  
    For long term running, we need to fill CO2 while it's running, with the speed of 
1kg/10min, no temperature changes in detector. 
 
     

Bullet Points about the Cooling Operation in TB 

 Things that did not work. 
Leakage of CO2!  
→ low temperature below dew point  (due to the logic setting in Marco) 
 

Temperature on CO2 in/outlet 
will decrease to -40oC. 



 How to address. 
Make sure the whole circuit is leak tight (Pressure test) 
No level meter in Marco (not IBBelle), we need interlock on CO2 
temperature. 
 
 Things to be tested: 
Do we really need so cold CO2 of -30oC? The full VXD thermal mock-up will 
tell us.  [Temperature dependency. Noise. C. M.] 

 
 Lessons learnt. 
Be careful  in transportation. 

→ May result in cavitation in the CO2 pump, which can easily damage the pump in 
this case. 

The sub-cooled CO2 will prevent the pump from cavitation. 

Cooling plant 
Detector 

Flex lines 
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Main Results 

 
The overall campaign was a great success! 

 
STILL not there yet 
• Regular system crashes of different nature 
• Trigger mismatches, 0-1 counting,… 
• Further debugging still needed 
 
Proposal: 
• Permanent VXD set up at DESY with regular dry runs 
• Step by step increasing complexity 
• FANGS, CLAWS, PLUME dry integration CW46-CW48 
• Final complete Phase 2 test beam in CW49-CW51 

cmarinas@uni-bonn.de 
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Schedule 2016 
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PXD Standalone TB Campaign 

• What do we want to measure? 
Charge collection properties 
Efficiency in long matrices 
Lorentz angle 

 
• What do we need? 

PCMAG and telescope 
FE-I4 trigger 
Rotating stages 
Modified jig 
Stable firmware for UDP to BonnDAQ and mem_dump 
Power supply and long cables 

 
• After the test beam, start putting together all the pieces for the dry tests 
 
• 18th May, tentative date for opening the dry box (SVD to confirm) 
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Schedule 2016 

PXD 

Phase 2 Dry Integration 

VXD Dry Tests 
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Irradiation 
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Monitoring 
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Thanks 


